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PREFACE

The determ nation of reservoir evacuation rates, initial filling
rates, and the sizing of |lowlevel outlet works are inportant
desi gn considerations for storage dans. This docunent presents
Bureau of Reclamation policy pertaining to requirenments for
evacuating storage reservoirs and for sizing | owlevel outlet

wor ks.

Qutl et works and their controls are designed to neet several

requi renents. These include: (1) project operational

requi renents as dictated by downstreamirrigati on and water supply
demands, flood control regul ation, sedinment accumnul ations, and
requirenents for recreation, fish and wildlife enhancenent,

navi gation, water quality, and rel eases to satisfy downstream
water rights; (2) nmeeting or supplenenting diversion requirenents
during construction; (3) evacuation of the reservoir if energency
condi tions occur, or inspection, maintenance, and repair of the
dam and appurtenant works that are normally subnerged; and (4)
controlling the rate of reservoir rise as required by reservoir
filling criteria.

This two-part docunment addresses evacuation rates and facilities.
Part | contains evacuation criteria for Bureau of Reclamation
storage reservoirs. Part |l contains guidelines which provide
nmet hods of evaluating site-specific conditions in conpliance with
t he Bureau of Reclamation's criteria.

Darrell W Wbber
Assi stant Comm ssi oner
Engi neeri ng and Research
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. CRITERIA FOR EVACUATI ON OF STORAGE RESERVA RS

A. CGCeneral Criteria

Water release facilities are provided for diversion during
construction, neeting water delivery needs of the project,
controlling the reservoir during initial filling, and aiding in
flood routing. To acconplish the evacuation and initial filling
obj ectives, the followng criteria should be foll owed:

1. Al water release facilities, including outlet works,
gated spillways, and power penstocks shoul d be consi dered
avai l abl e for evacuation to the extent that their
reliability in an enmergency situation can be reasonably
certain. In the case of canal outlet works, there nust be a
positive neans of naking rel eases to a natural watercourse
by use of a bypass or wasteway in order for such outlet

wor ks to be considered avail able for energency releases. In
the case of powerplants, nore than one unit nust be
install ed and operational, and generally only 50 percent of
the rel ease capability (as defined by the turbine discharge
curves) shoul d be consi dered avail abl e because sone units
coul d be i noperable when their discharge capacity is needed.
For powerplants with four or nore generating units, nore
than 50 percent of the turbine discharge capacity nay be
used if supported by historical operations data. Wen
turbine capacity is used, care should be taken to ensure
that the power distribution systemw |l be able to accept
the electricity which will be generated. Bypass outl et

wor ks for powerplants may be used if they are isolated from
the turbines by gates or valves. Any site-specific,
reasonabl e conbi nation of available facilities can be used
to meet evacuation criteria cited herein.

2. Lowlevel outlet works should be |ocated and sized to
provi de di scharge capacity sufficient to evacuate the
reservoir in accordance with table 4 and to maintain the
reservoir filling rates specified in the initial filling
criteria.

3. The initial reservoir water surface elevation to be used
for perform ng evacuation conputations depends upon storage
all ocations and project needs. Normally, one of the



following three el evations should be selected as the initial
reservoir level for determ ning evacuation requirenents:

a. The top of joint-use capacity if a reservoir's
capacity is assigned to flood control during certain
periods of the year and to conservation during other
periods of the year.

b. Top of the active conservation capacity when the
reservoi r does not have joint-use or exclusive flood
control storage.

c. Oher initial reservoir elevations my be sel ected
only if reservoir operation studies show a | evel which
is nore appropriate. For exanple, the starting
reservoir elevation for a reservoir which has never
filled over an extended period may be considered to be
t he maxi num el evation to which the reservoir has risen.
Reservoir el evations selected on the basis of operation
studi es shall be conservative estimtes and shall not
be sinple nmean reservoir el evations.

4. Reservoir inflows for the period of evacuation or

initial filling shall be based on the foll owi ng nethods of
anal ysis of the streamflow records for the reservoir. |If
adequate streanfl ow records are not avail able for the
reservoir, records fromnearby stations should be adjusted
in accordance with appropriate hydrol ogi c procedures for use
in the anal ysis.

Evacuation. - The inflow for anal ysis purposes shall be
t he hi ghest consecutive nean nonthly streanflows for

t he conputed evacuation period. This nmethod wll
sonetines require several iterations to arrive at an
evacuation tinme which is in agreement with the tine
upon which the inflow was based. |If the solution does
not converge on a single evacuation tine, the
evacuation tinme shall be the | onger of the evacuation
times.

Initial Filling. - Inflows for initial filling shall be



based on a conbi nati on of base flow and a frequency
flood event. |If the selected frequency flood includes
base fl ow, average nonthly streanflow should not be
added to the hydrograph. Base flow should be the
average of the nmean nonthly streanflow for the

anticipated filling period. Cenerally, the sel ected
frequency flood will have a return period of five tines
the length of the filling period with a mninmumreturn

period of 5 years.

5. Table 1 contains reservoir allocations that should be
considered initially filled with water in conputing
evacuati on peri ods.

Table 1. - Reservoir allocation volunme to be
considered in conputing evacuation periods

Reservoir All ocation Vol unmre consi der ed

Excl usi ve fl ood control” General ly none

Joi nt use Al

Active conservation Al

| nactive Al | except sedi nent
accumul ati ons

Dead None

" Reservoir regulation procedures usually require
evacuation of exclusive flood control space as
rapidly as downstream channel capacity wll permt
to provide space for control of recurring flood
events. Therefore, the exclusive flood control

all ocation space is generally not used in the
evacuation analyses. |In cases where there is only
an energency spillway or no spillway, it may be
necessary for the evacuation anal yses to consider
fl ood surcharge space.

6. Criteria for evacuation should recognize site-specific
condi tions, econom c aspects, and project needs to provide
an accept abl e bal ance between costs and rates of evacuation
and filling. Evacuation tine established for design should
consi der downstream channel capacity, level of risk to the
dam hazard potential to the downstream areas, and the
ability to mtigate downstream hazards with warning systens
when possible. In general, lowlevel outlet works in



conjunction with other release facilities should be |ocated
and sized to draw down the reservoir, within a period of 1
to 4 nmonths, to the lower of the follow ng | evels:

a. A reservoir |evel cormmensurate with a storage
capacity that is 10 percent of that at the initial
reservoir |evel

b. A reservoir level which is | ess than 50 percent of
t he hydraulic height' of the dam

The gui delines established in part Il of this docunent
shoul d be used to evaluate site-specific conditions in
conpliance wth the general criteria.

B. Desi gn Requirenents for Low |l evel CQutlet Wrks

Si zing of outlet works should consider the foll ow ng:
1. Release requirenments to neet project needs

2. Econom c benefits that can be derived by using the
outlet works in routing the inflow design flood

3. Satisfaction of evacuation criteria

4. Econom c benefits that can be derived by using the
outl et works for diversion of streanflows during
construction

Low | evel outlet works should be designed to satisfy the
foll ow ng requirenents:

1. Lowlevel outlet works should be |ocated to ensure that
the major portion of the reservoir storage volunme can be
evacuated by gravity flow

'Hydraul i c height is defined as the height to which the
water rises behind the dam and is the difference between the
| onest point in the original streanbed at the axis or the
centerline of the dam and the maxi nrum control | abl e water surface.
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2. The sill elevation of the intake structure should be set
above the predicted 100-year sedi nent accunul ation |evel or
a multiple-level intake structure should be provided to
prevent the outlet works from being plugged by sedi nent
during the life of the project.

3. Geologic factors should be considered in |ocating

| ow-l evel outlet works to ensure that the outlet works does
not becone bl ocked as a result of |andslides, ensuring that
the capability to evacuate the reservoir is preserved.

4. Qutlet works which are to be used for evacuation and

control of reservoir levels during initial filling should be
in operable condition as required by the initial filling
plan so that filling rates can be satisfied and energency

evacuation can be acconplished. The final closure should be
timed to mnimze the risk of flood flows occurring while
postdi version construction is being perforned in waterways.
Requirenments with respect to operability of the outlet works
shoul d be given in the construction specifications.

5. The initial filling criteria, DOC (Designers' Operating
Criteria), and SOP (Standing Operating Procedures) should be
conpl eted before initial filling and should contain

requi renents for periodic inspection and exercising of

| ow- 1 evel outlet gates and valves to ensure their proper
operation. The initial filling plan should take into
account conpl etion of second-stage construction where the
outl et works are used for diversion.

C. Devi ati on From General Criteria

The criteria and guidelines presented in this docunent shoul d be
applied to the majority of storage reservoirs. It may be

i mpractical to provide the drawdown capability to neet the
criteria and guidelines for certain projects. Sone reservoirs
may be too large for short termevacuation or too snmall to limt
the rate of water surface rise during initial filling and sonme
may have uni que functions or other site-specific conditions which
justify deviation fromestablished criteria and guidelines. Wen
specific project conditions require a drawdown capacity which



does not neet the criteria and guidelines contained in this
docunent, the followi ng informati on should be presented in the

t echni cal nmenorandum descri bing the basis for |ocating and sizing
t he outl et works.

1. The rate of water surface rise during initial filling
peri od using the maxi mum di scharge capacity of the proposed
rel ease facilities.

2. The evacuation period resulting fromusing the maxi num
drawdown capability of the proposed release facilities.

3. Information on the reservoir |evel and correspondi ng
storage volune at the end of the drawdown period specified
in these guidelines.

4. The size of |owlevel outlet works that woul d be
required to neet the established criteria and guidelines and
the associated costs. |If the costs cannot be justified,
alternative operational plans consistent with requirenents
for water deliveries to users, such as changing the initial
filling period to avoid periods of high inflowto the
reservoir, should be considered and docunent ed.

D Citeria for Existing Reservoirs

The eval uation of an existing damwith respect to the adequacy of
| ow-1 evel outlet works should be based on the criteria presented
within this docunent. The evaluation should consider the
reliability and present conditions of the dam outlet works,
reservoir, and flood plain dowstreamfromthe dam Recomended
corrective actions will be considered on a case-by-case basis
depending on site-specific conditions. Generally, unless

nmodi fications can be acconplished at relatively little expense,
exi sting structures will not be reconmended for corrective action
for the sole purpose of neeting evacuation criteria. However,
when nodifications are proposed to a waterway of an existing
structure with inadequate evacuation capacity, the designs shal
provi de for increased evacuation capacity to the extent that this
can be achi eved at reasonable increnental cost.



Evacuation capacity which is less than that required by this
criterion may be accepted for an existing structure for two
reasons. First, the risk associated with the first filling of
the reservoir has passed. Secondly, the cost of increasing
evacuation capacity for an existing structure may be orders of
magni tude greater than the increnmental cost of increasing
evacuation capacity in the design of a new structure. The risk
reduction resulting fromincreased outlet capacity at an existing
damis generally not sufficient to justify the cost of

nodi fications.

When a structure is identified as having i nadequate evacuati on
capability, appropriate segnents of the organi zation shall be
notified to ensure proper awareness of the situation. |If
identified during the SEED/ SCD (Saf ety Eval uation of Existing
Dans/ Saf ety of Danms) process, this notification can be
acconpl i shed by inclusion of the findings in any of several

SEEDY SOD process reports. The SEED anal ysis sunmary woul d be an
appropriate |location for docunmentation of this decision.

O herwi se, the notification shall be by an ACER-si gned (Assistant
Comm ssi oner -Engi neering and Research) nenorandumto the

Regi onal Engi neer with copies to appropriate Denver Ofice dam
safety, design, and operation and nmai nt enance personnel. The
docunent ation should identify the actual tine which would be
required to evacuate the reservoir and state that any future
nodi fications to the outlet works should include eval uations for
i ncreased evacuation capability. [If evacuation is |imted by
downstreamrel ease restrictions, the docunentation should al so

i nclude the required evacuation tinme using the full capacity of
t he outl et works.



1. GU DELI NES FOR DETERM NI NG EVACUATI ON RATES
FOR STORAGE RESERVA RS

The foll ow ng guidelines provide suggested nethods of eval uating
site-specific conditions for the determ nation of evacuation and
initial filling rates in conpliance with the criteria stated in
part | of this docunent.

A Reservoir Evacuation Rates Based on Project Conditions

This section presents general guidelines on ranges of evacuation
periods for storage reservoirs based on the level of risk and
hazard potential at each site. Risk is the probability of
occurrence of an adverse event. Hazard is the consequence of
havi ng an adverse event.

The presence of adverse conditions at a site introduces an
el ement of risk which should be reduced to a reasonably |ow | evel

by provisions in the design. |In cases where site conditions are
particul arly adverse, such as where active faults are present in
a foundation, a small risk will probably remain after defensive

measures are taken. Hazards pertain to potential |oss of human
life and property danage in the area downstream fromthe damin
the event of failure or inproper operation of the dam or
appurtenant facilities. Hazard potential is based on |ocation
rather than on structural integrity.

For the purpose of evaluating reservoir evacuation peri ods,
assignment of a level of risk and classifying downstream hazard
potential are, by nature of the problem quite subjective.
Consequently, the ternms high, significant, and | ow are assi gned
to the risk and hazard potentials. The hazard potenti al
classification given to Reclamation dans i s based on the

gui delines provided in table 2.



Tabl e 2. - Downstream hazard cl assification system

Ol assiti- Popul at i on Econom ¢ 10SS
cation at risk
Low 0 M ni mal (undevel oped

agriculture, occasional

uni nhabi ted structures, or
m ni mal out st andi ng nat ur al
resour ces)

Si gni ficant 1-6 Appreciable (rural area with
not abl e agriculture, industry,
or work sites, or outstanding
natural resources)

Hi gh Mor e Excessive (urban area
t han 6 i ncl udi ng extensive comunity,
i ndustry, agriculture, or
out st andi ng natural resources)

Risk is nore difficult to classify than hazards because of the
many conbi nati ons and adverse conditions that may be invol ved at
a particular dansite. The elenents of risk or risk factors can
be identified and a rational, but not exact, classification can
be made. The elenents of risk or risk factors which should be
considered in risk classification are listed in table 3.



Table 3. - Elenents of risk for dans

Hydr ol ogi c factors

- Fl oods exceedi ng those used for design

- Uncertainty of flood estimation

- Ratio of flood to storage volunes in the reservoir
- Reservoir sedinent deposition potenti al

Geol ogic factors

- Ceneral foundation conditions

- Seismicity of site

- Faulting at site

- Liquefaction potential of dam and foundati on

- Rock condition (fractures, shear zones, relief jointing,
solubility)

- Seepage potenti al

Structural factors

Dam type and design
Unpr ecedent ed si ze
Unusual conplexity
Age and condition

Construction and naterial factors

- Construction material characteristics such as
perneability, erodibility, and strength
- Quality of construction

Opnerating factors

- Renoteness and accessibility of site

Trai ning and experience of operating personnel
Reliability of commercial and auxiliary power

- Conplexity of equi pnment and operating procedures
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Certain elenments stand out which would justify a high-risk
cl assification, such as:

* Active faults in or near a dam foundation

* Possibility of foundation displacenents during a ngjor
eart hquake event

* H gh probability of hurricane or flash fl oods

* H gh potential for foundation |iquefaction

* H gh potential for rock solutioning

* H gh potential for piping

* Exceptionally poor construction materials

* Severe deterioration of structural elenents

* Poor quality control of construction

At the other end of the classification scale would be an absence
of all such adverse conditions. Defining the "significant”
classification is much nore difficult for risk than it is for
hazard potential. This mddle range is a very inportant one
because it deals with the broad range between extrenes where many
danms normally fit.

A general guide for determ ning energency evacuation periods is
established in table 4. These val ues are based on Bureau of

Recl amati on experiences which reflect a reasonabl e bal ance

bet ween risks, hazards, and costs. Table 4 lists a rather w de
range of classification possibilities and ranges of evacuation
periods for four reservoir stages. The suggested evacuation
periods, which are considered to be conservative, may be adjusted
on the basis of detailed studies and eval uati ons which shoul d

take into account all inportant site-specific conditions that
have a rational bearing on evacuation periods based on the risk
and hazard potential addressed in this subsection (II.A). It is

desirable for a reservoir to neet the evacuation tine
requirenents for all four stages shown in table 4. However,

i ntake el evations of release facilities at a specific dam may
limt evacuation to a certain elevation. Consequently, the

val ues provided for 25 percent of the hydraulic height should be
used only as a gui de when physically possible.
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B. Initial Reservoir Filling Rate

Initial reservoir filling is the first test of a damto perform
its intended functions. Wile initial filling criteria my be
established after construction of a dam has been initiated,
sizing of the outlet works to neet probable outflow requirenents
during initial filling nust be acconplished during design.
Consequently, desired rates of pool rise nmust be determ ned at
the tinme design requirenents are established.

In order to nonitor dam and reservoir performance, the rate of
filling should be controlled to the extent feasible to allow for
acconplishing a predeterm ned nonitoring programas prescribed in
t he Bureau of Recl amation, Assistant Conmm ssioner - Engineering
and Research Menorandum " Cuidelines for Preparing Reservoir
Filling Criteria, Bureau of Reclamation Dans and Reservoirs,"
DES- 2, June 1989.

Low | evel outlet works should be | ocated and sized in conbination
with other outlets to provide discharge capacity sufficient to
mai ntain the reservoir filling rates specified by the initial
filling criteria and to hold reservoir |evels reasonably constant
for el evations above 50 percent of the hydraulic height of the
dam for the established inflow conditions.

Inflow into the reservoir during initial filling should be
assunmed as a reasonabl e frequency fl ood plus the average of the
mean nonthly inflows for the selected filling period. This
frequency flood should generally be approxinmately 5 tines the
duration of the filling period. For exanple, a reservoir which
is small enough to fill in 1 year under nean inflow conditions

m ght require outlets sized to pass a 5-year flood, in addition
to mean inflow A large reservoir requiring 5 years to fill
m ght require outlets sized to pass a 25-year flood, in addition

to mean inflow. Both of these exanples will result in about a
20- percent chance of exceeding capability to control pool |evels
to the desired rate of rise during their filling periods.
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Tabl e 4.- General

High
Evacuation hazard,
stage high risk
75% Height* 10-20
50% Height* 30-40

10% Storage** 40-50
25% Height* 60-80

High hazard,
significant
risk
20-30
40-50
50-60

70-90

gui de for determ ning energency evacuation tine

(i n days)

High Significant Significant Significant
hazard, hazard, hazard, hazard,
low risk high risk significant risk low risk

30-40 20-30 30-40 40-50

50-60 40-50 50-60 60-70

60-70 50-60 60-70 70-80
80-100 70-90 80-100 90-110

Low
hazard,

high risk
40-50
60-70
70-80
90-110

Low hazard
significant
risk
50-60
70-90
80-120

100-160

Low
hazard
low risk
60-90
90-120
120-160

150-220

L]
* Height is measured from the initial pool as defined in subsection A.3 of part | for determining evacuation requirements.

** Reservoir storage between original streambed and the initial reservoir water surface level as defined in section A.3 of part | for determining

evacuation requirements.



C. Esti mati ng Mean Reservoir Inflows for Evacuati on Studies

Inflow into the reservoir should be based on the highest
consecutive nmean nonthly inflows for the duration of the
evacuation period. For existing Storage Reservoirs, this
information is readily available in the "Annual Water Supply
Report." At sites where this information is not readily
avai | abl e, appropriate studies should be conducted to estinate
the nean nonthly inflows. The follow ng process shoul d be
followed in estimating inflows and conducti ng evacuati on studi es:

1. Oobtain nean nonthly inflows for the site

2. Make an initial estimate of the required evacuation
peri od

3. Create inflow hydrograph using the highest consecutive
mean nonthly inflows for the duration of the evacuation
peri od

4. Performflood routing to determ ne evacuati on period

5. Conpare the conputed evacuation tinme to the | ength of
t he i nfl ow hydrograph

6. |If the conputed evacuation period would change the
i nfl ow hydrograph, return to step 3. O herw se docunent the
results.

The foll owm ng exanpl e denonstrates this process for Deer Creek
Reservoir:

1. Mean nonthly inflows were obtained fromthe "Annual
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Wat er Supply Report"™ and are sumrari zed as foll ows:

Mean Mont hly Mean Mont hly

Mont h | nfl ow (acre-ft) | nflow (ft3 s)?
Cct . 13, 300 216
Nov. 16, 500 277
Dec. 16, 700 272
Jan. 15, 800 257
Feb. 15, 200 274
Mar . 18, 900 307
Apr . 29, 900 503
May 64, 400 1, 047
June 62, 600 1, 052
July 20, 400 332
Aug. 12, 100 197
Sep. 10, 100 170

2. Aninitial estimte was made of 150 days to evacuate the
reservoir

3. The follow ng inflow hydrograph was created to reflect
t he hi ghest five consecutive nmean nonthly inflows (Mar.,
Apr., May, June, and July):

Ti ne | nflow (ft3%s)
0 307
day 10 307
day 20 307
day 31 307
day 32 503
day 40 503
day 50 503
day 61 503
day 62 1,047
day 70 1,047
day 80 1,047
day 92 1,047
day 93 1, 052
day 100 1, 052
day 110 1, 052
day 122 1, 052
day 123 331
day 130 331
day 140 331
day 150 331

2 Inflow (ft3/s) = [Inflowin acre-ft/No. days in the nonth]
x [ 43,560/ (24x3, 600)]
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4-5. After running the flood routing, one would find that

the infl ow hydrograph is not |ong enough to evacuate the
reservoir.

6. Because the reservoir is not adequately evacuated with
this length of inflow hydrograph, return to step 3 and

| engt hen the hydrograph with the prior or subsequent nonth
with the highest inflow (i.e., February).

Not e that obtaining an inflow hydrograph which is consistent with
the evacuation tine may require several iterations.
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